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@ Thermal transfer image-receiving sheet 



@ A thermal transfer image-receiving sheet for recording thereon colored dye images having a high 
darity and color density and an excellent storage durabflity, comprises an image-receiving resinous 
layer formed on a substrate sheet and comprising a resinous material which is an actinic ray irradiation 
curable product of a precursory resinous composition comprising (A) an unsaturated acrylic or 
methacryiic ester compound having a rosin or modified rosin residue, (B) another acrylic or methacrylic 
ester compound having a bisphenol A residue, at least one ethylene glycol residue and at least two 
terminal acrylic or methacrylic ester residue, and optionally (C) still another unsaturated acrylic or 
methacrylic ester compound having a single terminal acrylic or methacrylic ester residue. 
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BACKGROUND OF THE INVENTION 

1) Field of the Invention 

5 The present invention relates to a thenmal transfer image-receiving sheet. More particularly, the present 

invention relates to a thermal transfer image-receiving sheet capable of recording thereon sublimating dye 
images having an excellent clarity and gloss, at a high sensitivity. 

2) Description of .the Related Arts 

10 

Currently there is an enormous interest in the development of dye thermal transfer type printers as a color 
hand cooler for recording high quaiity colored images. 

in the dye thermai transfer type prirmng syssm, an ink sheet composed of a base film and s yeiiow, cyan 
or magenta dye layer ccsred on a surface of the base fHrn rs suoerimpased on an image-receiving sheet com- 

15 posed cf 2 substras shsei and ar image recsrvrng resinous isyerforrrsd on a surface cf the sishs'^b^ sheet 
in such a manner thai the dye isyer cfthe ink sneei ccmes iniD direc: contact with tne iTnsge--ece!V!nc resinous 
laver cf the imsge-receivinc sheet, arc tne nk snest is locally nsaied cy heat az^piiec dv a Lheimai head of the 
printer, whereby portions cf the dye rn tne ink snsst are tnerrrrariy transferrec to the image-recerving rBsinous 
iayertc provrde coiored mages, in th'^ tnermai transfer procedure of the coiored images, the heating operation 

20 of the thenmal head is continuously controlled in accordance with electrical signals corresponding to the images 
or pictures to be recordec, s^id the amount of dye transferred from the ink layer to the image-receiving layer is 
contiTTuousty controiled in accordance with the anraunt of heat and the heating time applied by the thermal head, 
to print continuous tone full color images having a desired color density 54(darkness) on the image-receiving 
resinous layer. 

25 In conventional dye image-receiving sheets, the dye image-receiving resinous layer comprises, as a prin- 

cipal component a substrated copolyester resin having a high affinity to sublimating dyes. 

A colored image-forming mechanism of the dye inrrage thermal transfer printing system is described in 
"Shikizai (Coloring materials)^ vol. 59, No. 10, 1986, pages 607. In this mechanism, when an image-receiving 
polyester resinous layer having a relatively low glass transition temperature is locally heated, vigorous molecu- 

30 lar nKstions (vibrations) occur in portions of the polyester molecule chains of the polyester resin located in the 
hpgrtPirf prtrtiryng of tba frngQ A-rpr^hnnQ layer and thcsc portiorts are melted or softened to form viscous liqukl 
layer porti'ons. Also, in the printing procedure, the dye fn the mk fayer is focalTy subfTmated and the sublimated 
dye penetrates the melted or softened polyester resinous layer portions. When the polyester resinous layer por- 
tions are solidified by cooling, the penetrated dye is embedded in and fixed to the solidified amorphous portions 

35 of the polyester resinous layer portions, to thereby provide colored Images. 

Nevertheless, the colored images recorded by the dye thermal transfer printing system are disadvan- 
tageous in that such recorded images have a low color evenness and density (darkness), and a poor durability 
during storage. 

To eliminate the above-mentioned disadvantages, an attempt has been made to increase the surface 

40 snrraothness of the image-receiving resinous layer, to thereby enhance a close adhesion of the dye layer surface 
of the ink sheet to the image-receiving resinous layer surface of the image-receiving sheet, and thus raise the 
printing speed of the image-receiving sheet and improve the quality of the resultant colored images. For 
example, Japanese Unexamined Patent Publication No. 62-21 1 ,1 95 discloses an attempt to provide an image- 
receiving resinous layer having a high surface smoothness, by coating a substrate sheet surface with an 

45 aqueous coating liquid by a casting method. This attempt provides an image-receiving resinous layer with a 
high surface gloss but is disadvantageous in that, since the aqueous coating liquid layer formed on a cast drum 
surface is solidified by evaporating off water in the aqueous coating liquid layer, the resultant image-receiving 
resinous layer contains a number of pores derived from the evaporation of the water, and thus the surface 
snr>oothness and unifonmrty of the image-receiving resinous layer is not satisfactory and the resultant coiored 

50 images on the image-receiving resinous layer exhibit an unsatisfactory color density (darkness) evenness. 

Also, Japanese Unexamined Patent Publication No. 62-173,295 discloses an image-receiving resinous 
layer formed by coating a surface of a substrate sheet with a coating liquid containing a radical-polymerizable 
oligomer or monomer which can be used by an actinic ray irradiation, and applying the actinic ray irradiation 
to the coating Ik^uid layer on the substrate sheet surface. 

55 This technique is advantageous in that the resultant image-receiving resinous layer has a high gloss, but 

is disadvantageous in that the cured resin in the resultant image-receiving resinous layer is cross-linked at a 
high cross-linkage density, and thus cannot be melt-sofiened to form a viscous liquid layer when heated in the 
thermal transfer printing procedure, and therefore, the resultant image-receiving resinous layer exhibits a poor 
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dye-receiving activity and it is difficult to record thereon clear colored images having a high color density (dark- 
ness). 

SUMMARY OF THE INVENTION 

5 

An object of the present invention is to provide a thermal transfer image-receiving sheet having an image- 
receiving resinous layer free from pores or voids fomied therein, having a high surface smoothness, and cap- 
able of recording thereon dear colored images at a high color density. 

Another object of the present invention is to provide a thennal transfer image-receiving sheet having an 
10 image-receiving resinous iayerfomied by an actinic ray irradiation curing method and capable of recording the- 
reon dear colored images having an excellent storage durability and a high evenness of the color density. 

The atjove-mentioned objects can be attained by the thermal transfer image-receiving sheet of the present 
invention* which comprises a suDsrate sneer anc an image-receiving resinous iayer farmed cn a: ieast cne 
surface of the substrate sheet a^d compnsing, ^ s princioai ccmponenr, a resinous material cured by an acme 
15 ray irradiation in the present of a photochOTicai initiator, the resinous materiai consisting of an actink: ray uradK 
ation curing product cf a precu*-^' resinaus composition ccrrprisrig: 

(A) a first component consistirc of st ieast one member seiecred from unssiuratK: acrviic and metnaavl<: 
ester comzjounds having a: least one radical seiec^d tronx a resin resiciue, dispropcrconaijorwnodmed 
resin residues and nycrogenaisc rosm rraidue; and 
20 (B) a »ccnc csmponen: ccnsisting of at ieast one member selected from unsaturated acrviic and metnac- 

ryiic ester compounds having a bisphenol A residue, at least one ethylene glycol residue and at leas: tvyo 
tsrmiTial rscicals seiecrec from acrylic and meth acrylic ester residues, and other than these of the first com- 
ponent (A). 

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The thermal transfer image-receiving sheet of the present invention comprises a substrate sheet and an 
image-received resinous layer formed on at least one surface of the substrate sheet 

The image-receiving resinous layer comprise, as a principal component, a resinous material cured by an 
30 actinic ray irradiation, for example, an electron beam or ultraviolet ray irradiation, in the presence of a photo- 
chemical initiator. 

This rarori foc^nnn!^ matpriai p napgr pH hy an trrajdiation of an actinic ray to a precursor resinous compo- 
sition. 

This precursory resinous composition comprises a mbcture of a first component (A) with a second compo- 
35 nent (B). 

The first component (A) consists of at least one member selected from unsaturated acrylic and methacryiic 
ester compound having one or more members selected from rosin residue, disproportionation-modified rosin 
residues and hydrogenated rosin residues. 

Also, the second component (B) consists of at least one member selected from unsaturated acrylic and 
40 methacryiic ester compound having a bisphenoi A residue, at least one ethylene glycol residue, and at least 
two temninal radicals selected from acrylic and methacryiic ester residues, and other than those of the first coov 
ponent (A). 

Generally, a precursory resinous composition contains at least one actinic ray-curable unsaturated resin- 
ous compound, for example, polyester acrylates and methacrylates, urethane acrylates and methacrylates and 
45 epoxy acrylates and methacrylates each having at least one acryloyi radical or methacryloyi radical. 

When the precursory resinous composition is subjected to an actinic ray irradiation, activated seeds 
(radials) are created in the unsaturated resinous compound, and thus the precursory resinous composition is 
instantaneously converted to a cured and cross-linked polymeric material. The resultant resinous material has 
a networic-like crass linkage and exhibits a high surface gloss, heat resistance and abrasion resistance. 
50 When an image-receiving resinous layer is formed from the network cross-linked resinous material, the 

molecular nrravement of polymeric molecules in the resinous material restricted, even at a high temperature, 
by the cross-linkage, and thus the cross-linked resinous material layer cannot be melt-softened to form a visc- 
ous liquid layer. Therefore, this non-softened resinous material restricts the penetration of the sublimated dye 
from the dye layer of the Ink sheet, and therefore, the resultant dye images on the cured resinous material layer 
55 have a low color density (darkness) and are not clear. 

If the dye-receiving property of the cured resinous material lay r is improved by lowering the degre of 
cross-linkage, the resultant cured resinous material layer exhibits a poor heat rjesistance and a low gloss. 

This cured resinous material layer frequently causes the resultant image-receiving sheet to be adhered to 
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the ink sheet and thus the travel of the image-receiving sheet in the printer is abstracted. 

The above-mentioned disadvantages of the conventional image receiving resinous layer can be eliminated 
by using the specific actinic ray irradiation-cured resinous material of the present invention. 

In the precursory resinous composition usable for the present invention, the unsaturated acrylic and 
methacrylic ester compounds of the first component (A) must have at least one specific moiety selected from 
a rosin residue, disproportionation-modlfied rosin residues and hydrogenated rosin residues. Note, the unsatu- 
rated acrylic and methacrylic ester compounds of the first component (A) naturally have at least one unsaturated 
temiinal radical selected from acrylic and methacrylic ester residues of the formulae: 

- COCH = CH2 and 

- C0C(CH3) = CH2 

The unsaturated acrylic and methacrylic compounds of the first component (A) are preferably selected from 
reaction products of. 

(a) an ingredient consistjnc of at least one reacticr. product of at ieas: one member seiectec from acryitc 
and methacrylic acids with at least one member seiected from rosin glycidyi esters, drspr op or ti onatKan-rrtodi- 
fied rosin clycidyiestBTS and hycrc-genatsc resin g^-cicyiessrs, witt: 

(b) an ingredient consisting cf at least one diisocv-anais ccrrozur.d, and 

(c) an ingredient consistLna of at least cne member selected frum: 

(T) reaction products cf ar leasi one memoer seiectec from acryiic anc memacryiic ac:cs witn a: teas: 
one diepcxkie compcnent, and 

(u) acrylic and methacrylic compound having at least one hydroxyl radical. 
The ingredient (a) preferably consists of at least one compound cf the formula Q): 



I 

- COOCH^CHCHjOCOC = CH2 (I) 
OH 



wherein Ri represents a member seiected from the group consisting of a disproportionation-modlfied rosin resi- 
dua aod a byckiQ^enated cesia cesklue^ and EI2 ce^ 
hydrogen atom and a methyl radical. 

In the dtsproportionation-modified rosin and the hydrogenated rosin, the conjugated double bond of the 
rosin is modified to a stabilized form. 

The ingredient (b) consists of at least one dtisocyanate compound selected from conventional compounds; 
preferably firom diphenyl-methane dfisocyanate, isophorone diisocyanate, hexamethylene diisocyanate, 
phenylene diisocyanate, and tolylen diisocyanate. 

In the ingredient (c), the reaction product (?) of at least one member selected from acrylic and methacrylic 
acids with at least one diepoxide component is preferably selected from the compounds of the formula (II): 



R3 OH OH R3 

CHz = CCOOCH2CHCH2 - D - CH2CHCH2OCOC = CH2 . (II) 



wherein R3 represents a member selected firom the group consisting of a hydrogen atom and a methyl radial 
and D represents a divalent group selected from those of the formulae: 
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CK, 

I 

- O - (CHaCHOt^ 

- o-<Q^c-Ko y-o—r 

CHj 




- OZD - { CH. ;.-. coo - , 

and 

CH3 

I 

- O - CH2 - C - CH, - O - 

I 

CH3 

wherein ni represents an integer of 1 to 4 and n^ represents an integer of 2 to 14. 

In the ingredient (c), the acrylic and methacrylic acid compounds (ii) having at least one hydroxyl group 
ace. prefecab^ seiectBdftQm.2rtiydcoxyettiyl acryiate. 2rhydrQxy-ethyi methacrylate. 2-hydroxypropyi aoyiate. 
2-hydroxypropyl methacrylate, and the compounds of the formulae (11) and (TV): 

■ i 

CHj = CHCOO - CH2CHO - ( OCCHzCHjCHzCHiCHzO^s — • H (III) 
and 



i 



CH2 = CHCOOCH2CHOCO - Rfi - COOCH2CHOH (IV) 



in which formulae (III) and (IV). R4 and Rs, respectively and independently from each other, represent a member 
selected from the group consisting of a hydrogen atom and a methyl radical, n^ represents 0 or an integer of 
1 to 5, and Re represents a divalent group selected from those of the fomiulae: 
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10 







- CK^CH, - 



and - CH = CH 



in which formuiae R represents a member seierad from the group consisung of a hycroge- atom ar.c a merry-: 
radical. 

fS Aisc trie ciner unsaiursied acryiic and mexnacryiic ester ccmpourrds or the second cam^oonen: (5) have 

a dhrf^ent bissneno] A residue of the foiinuia: 



20 



C&2 

CH, 




\ O 



o - 



25 



at least one divalent ethylene glycol residue of the formula: 



30 



-f- CH2CH2O 



and at least two unsaturated terminal radicals selected ^m acrylic and methacrylic ester chain structures of 
the fbnnulae: 

35 - COCH2 CH2 

and 



40 



CH3 

I 

- CO - C = CH^ 



45 



50 



The unsaturated acrylic and methacrylic compounds of the second component (B) having the above-men- 
tioned chain structures are preferably selected from those of the formulae (V) and (VI): 



55 
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CH3 

CH2=CHC0{0CH2CH2')^O-(J^O^ C — (^O)^ ^"^ CH2CH20-fe- COCH^CHj 

CH3 (V) 

and 



^0 




wtierein rr* and n^, rsspsctiveiy arc indecenaently from sacr otzez, raprsseni an integer cfl tc 2 and the sum 
of FT* and n= (rr* n^; is 4. 

The above-mentioned ccmp ouT^GS of inefomiulae (V; and (VI) ars avaiiahie unaertns iraoernarks cf R-551 
20 from Nihon Kayaku Kogyc anc of AM-556 or AM548 from AKZO RESIN KJC, respectiveiy. 

In the precursory resinous composition usable for the present invention, the first component (A) is prefer- 
ably present in a weign: ratic to the component (B) of 60:40 to 94:6, more preferably from 70:30 to 90:10. 

The precursory resinous composition usable for the present invention optionaliy further comprises, in addi- 
tion to the first and second components (A) and (B). a third component (C) consisting of at least one memb r 
25 selected from unsaturated acrylic and methacrylic ester compounds having a single unsaturated tenninal radK 
cal selected from acrylic and methacrylic ester residues of the formulae: 

- CO - CH = CH2 

and 



30 



CH3 
1 

• CQ - c =^ ca^ 



35 and other than the unsaturated acrylic and methacryiic compounds of the first and second components (A) and 

(B) . 

The component (C) effectively lowers the viscosity of a solution of the precursory resinous composition 
used as a coating liquid to fonm an image-receiving resinous layer. 

The unsaturated acrylic and methacrylic compounds of the third component (C) are preferably selected 
40 from isopropyl acrylate and methacrylate, isobutyl acryiate and methacryiate, tert-butyi acryiate and methao- 
rylate, cydohexyi acryiate and methacrylate. p-hydroxyethyl acryiate and methacylate, methoxybutyl acryiate 
and methacryiate, polyethylene glycol acryiate and methacrylate, p-hydroxypropyl acryiate and methacrylate, 
2-cyanoethyl acryiate and methacrylate, benzoyloxyethyl acryiate and methacrylate. benzyl acryiate and 
methacrylate. phenoxyethyl acryiate and methacrylate, 2-hydroxy-3-phenoxypropyl acryiate and methacryiate, 
45 tetrahydrofurfryl acryiate and methacrylate. isobomyl acryiate and methacrylate, and dicyclopentenyloxyethyl 
acryiate and methacrylate. 

When the precursory resinous composition comprises the first, second an third components (A), (B) and 

(C) , the first components (A) is preferably present in a weight ratio to the sum of the second and third compo- 
nents (B) and (C) of 80:40 to 94:6, more preferably 70:30 to 90:1 0. 

so When the weight ratio of the first component (A) to the other components (B) or (B) and (C) is more than 

94:6, the resultant precursory resinous composition liquid to be coated on the substrate sheet sometimes exhi- 
bits a too high viscosity, and thus it is difficult to unifonmly apply same to the substrate sheet 

Also, if the weight ratio of the first component (A) is less than 60:40, the resultant precursory resinous 
composition sometimes exhibits an unsatisfactory curing rate during the actinic ray irradiation curing procedure 
55 and the resultant image-receiving resinous layer sometimes exhibits a poor dye-receiving activity, and thus the 
thermal transferred colored images have an increased color density (darkness). 

Also, the weight ratio of the second component (B) to the third component (C) in the precurs ly resinous 
composition is preferably more than 1 0:90, more preferably from 90:1 0 to 1 0:90, still more preferably from 80:20 
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to 20:80. 

The precursory resmous composition usable for the present invention optionally further comprises 2% to 
20%, based on the total weight thereof, of at least one silicone compound curable by an actinic ray irradiation. 

The addition of the silicone compound to the precursory resinous composition imparts an improved 
5 releasability to the resultant image-receiving resinous layer surface, and this improved reieasabiiity effectively 
ensures the smooth travel of the image-receiving sheet and prevents a blockage of the printer due to an adher- 
ing of the image-receiving sheets to each other. 

When the content of the silicone compound is less than 2% by weight, the reieasabiiity and blockage-pre- 
venting property of the resultant image-receiving sheet are sometimes unsatisfactory. Also, an addition of the 
10 silicone compound in the large amount of more than 20% by weight does not effectively further increase the 
reieasabiiity and the blockage-preventing propertv' of the resultant image-receiving sheet and thus is often an 
economical disadvantage. 

The silicone compound usable for the present inveniior; preferably has at least one drvaienr siicxane grcup 
of the formula: 



20 



CH3 

1 

■Si- 



CH3 



located in a backt>one chain thereof and at least one tenminal group selected from acryloyl, methacryloyl, vinyl 
25 and mercapto radials. 

The silicone compounds curable by an actinic ray irradiation are preferably selected from: 

(1) reaction products of a siloxane compound with acrylic or methacryfic acid 

(2) reaction products of a siloxane compound with an isocyanate compound and acrylic or methacrylic acid, 
and 

30 (3) mixtures of a siloxane compound having a vinyl radical with a siloxane compound having a mercapto 

radial. 

The curabfe silTcone compound preferably sefected from t,3-bfs(3-methacryfoxy-propyf)-t,t,3,3-Cet- 
ramethyt dtsiloxane, a, (i[>-bis(mercaptomethyi)potydimethylsiloxane, a,a>-bis(vinyi)polydimethylsiloxane. 1,3- 
bis(mercaptomeaiyl)-1,1,3,3'-tetramethyl-disiloxane and a, co-bis(3-mercaptopropyl)polydimethylsiloxane. 

35 The precursory resinous composition usable for forming the image-receiving resinous layer optionally 

further comprises at feast one additive, for example, a pigment, a dye, a filler and others, or is free from the 
additive to thereby cause the resultant image-receiving resinous layer to be colorless and transparent 

The precursory resinous composition to be converted to a cured resinous material usually contains a photo- 
chemical initrator preferably in an amount of 0.1 to 10% based on the total weight of the precursory resinous 

40 composition. The photochemical initiator preferably comprises at least one member selected from mixtures of 
a berrzophenone compound with an amine compound mixtures of a thioxanthone compound with an amine conv 
pound, and acetophenone compounds, ketal compounds and benzoinether compounds. 

The substrate sheet usable for the present invention can be selected from conventional sheets usable for 
the conventional image-receiving sheets, for example, fine paper sheets, coated paper sheets, synthetic paper 

45 sheets consisting of at least one btaxiaily oriented film comprising a polyoleftn resin, for example, a polyethylene 
resin, polypropylene resin or ethylenepropylene copolymer and an inorganic pigment, for example, titanium 
dioxide, calcium cartxsnate and day, and laminate sheets composed of two or more of the above-mentioned 
sheets. 

Preferably, the substrate sheet has a thickness of 20 to 250 ^m and a basis weight of 20 to 250 g/m^. 
50 In the production of the image-receiving sheet of the present invention, a precursory resinous composi- 

tion-coating liquid is coated on a surface of the substrat sheet by a customary coating method, for example, 
bar-coating method, air coating method, doctor blade coating method, squeeze coating method, air-knrfe coat- 
ing method, revers roll coating method or transf r coating method. 

The precursory resinous composition-coating liquid is applied to a thickness that will provid a cured resi- 
55 nous composition layer having a desired thickness, on th substrate sheet surface. 

The resultant precursory resinous material layer is subjected to an actinic ray irradiation. The actinte rays 
are either electon beams or ultraviolet rays. When electron beams are used as the actinic energy rays for the 
curing, a curtain beam type electron beam-accelerator, which is relatively cheap and can generate a large out- 
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put, can be utilized. In the curtain beam type accelerator, usually the accelerating voltage is from 100 to 300 
k voits and the absorbed dose is from 0.5 to 10 Mrad. 

Also, the actinic ray irradiation is preferably earned out in an atmosphere in which the oxygen content is 
restricted the 500 ppm or less. When the oxygen content is more than 500 ppm, the oxygen serves as a polynv 
5 erization (curing) retardant. and thus the precursory resinous composition is not sufficiently cured. 

In the curing procedure, the actinic rays can be directly applied to the precursory resinous composition layer 
on the substrate sheet Alternatively, the precursory resinous composition layer on the substrate sheet can b 
brought into contact with a peripheral surface of a cast drum, under a certain pressure, and the actinte rays 
applied to the precursory resinous composition layer through the substrate sheet 
10 Usually, the thickness of the resultant cured image-receiving resinous layer is from 2 to 20 jim. When the 

thickness is less than 2 jim, the resultant image-receiving resinous layer sometimes exhibits an unsatisfactory 
sensitivity, and thus the received images have a reduced color density (darkness). Also, it is very difficult to 
sveniy form a very tnin iayer at a tnickness of iess tnan 2 um, and tne uneven layer causes ar imeven cuaiit/ 
of trre received images, 

15 An increase in the thickness of the image-receiving resinous layer to more thar 2C iim does not contribute 

tD HH eTL^nang of the sensitrvir/ cf t^ie irnage-recsN-inc resinous layer. or to an increase of tne ooior density 
cf tne recefvec images, and trriis is economicaily diffidvaniagecus. 

EXAMPLE 

20 

The present invention wili be further explained by the following specific examples, which are representative 
and do not in ar:y way restrict the scope of the preserrt invention. 

In the examples, the image-receiving property of the image receiving sheet was tested and evaluated in 
the following manner. 

25 In a thermal transfer dye image-printer (available under the trademark of PRINTER VP6000, from Fuji Film 

Co.). an image-receiving sheet was printed in a black color in accordance with a step pattern supplied from a 
color bar signal generator (available under the trademari^ of GENERATOR C12A2, from K. K. SIBB20G) by 
superimposing yellow, magenta and cyan images one on the other. 

In the black colored images printed in a 16 step pattern, the color density (darkness) of the sbcteenth tone 

30 images was measured by using a color density tester (available under the trademark of MACBETH RD-914, 
from Kollmorgen Corp.). Also the hue by the black colored images was evaluated by naked eye-observation. 

a^n^n mr r^"^'^^ mogcmi^mprrt- and esfaiuatian pxooedufes were applied to the colored images 
immediately after the printing operation, and after the printed sheet was subjected to a heattreatrnentata terrt- 
perature of 60*C for 240 hours. 

35 

Synthesis Example 1 

Preparation of unsaturated acrylic ester compound (A) having a rosin residue 

40 A mixture consisting of 31.6 parts by weight of dehydroabietic acid, 63.3 parts by weight of epichlonehydrin 
and 0-03 part by weight of benzyltrimethyl ammonium was placed in areaction vessel and converted to a sol- 
ution by a stirring operation. The mbcture as a solution was subjected to a reaction by heating at a temperature 
of ao^'C for 4 hours. 

The resultant reaction mixture was added stepwise with 5.07 parts by weight of granular sodium hydroxide 
45 and then subjected to a further reaction at a temperature of 1 0O'C for 2 hours while stimng. After the reaction 
was completed, the deposited sodium chloride particles were removed by filtering, the filtrate was subjected 
to an evaporation process by a rotary evaporator, to distill away the non-reacted epichlorohydrin, and the resul- 
tant product then treated at a temperature of 120*C under a reduced pressure of 2 mmHg, to completely elimi- 
nate a volatile fraction from the product 
50 The resultant product was rosin glycidyl-ester. 

A reaction vessel was charged with a reaction mbcture consisting of 2568 parts by weight (5.81 moles) of 
rosin glycidylester, 427 parts by weight (5.81 moles) of 98% acrylic acid, 3.0 parts by weight (1000 ppm based 
on the entire amount of the reaction mixture) of an esterification catalyst consisting of benzyitrimethyi 
ammonium chloride, and a polymerization inhibitor consisting of 3.0 parts by weight of 4-methoxyphenol and 
55 3.0 parts by weight of phenotiiiazine. The reaction mixture was subjected to a reaction at a temperature of 1 05**C 
to 1 10**C for 6 hours, while flowing a nitrogen gas through the reaction vessel. 

A reaction product of acrylic acid with rosin glycidylester corresponding to Uie Ingredient (a). 

A mbcture of 2178.8 parts by weight (4.20 moles) of the ingredient (a) consisting of the acrylic acid - rosin 
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glycidyiester reaction product, 933.6 parts by weight (4^0 moies) of an ingredient (b) consisting of iso- 
phoronediisocyanate, 487.8 parts by weight (4.20 moles) of an ingredient (c) consisting of 2-hydroxyethyl aery- 
late (2-HEA), a diluting agent consisting of 189.7 parts by weight of phenoxyethylacryiate and a polymerization 
inhibitor consisting of 3.6 parts by weight (1000 ppm) of 4-methoxypheno). was gradually heated to 75*'C and 
then maintained at a temperature of 75*'C to 80*C for 1 2 hours, while stining. Then to the reaction mbcture was 
further added a urethane-formation catalyst consisting of 1.4 parts by weight (400 ppm) of stannous octonate, 
the mbcture was heated at a temperature of 75**C to 80^0 for 5 hours. 

The reaction product was a mbcture of an unsaturated acrylate resin (A) having a rosin residue and 
phenoxyethyi acryiate in a mbdng weight ratio of 95:5. 

Examole 1 



An rmacs-feceiving sheet was prepared as foiiows. 
(1^ Pr3 L"eugL] ": of csati-c Uculc for Tnscs-rscefvinz resinous layer 
A ccanna ItcuiG was Dreoared in trie f3iicwtr;c cnrnDcsitior;. 



Coniponent: Part: by weight: 

Rosin re-sidue-containing acrylate resin (A) 96 
Phenoxyetihyl acrylate 10 
Bisphenol A diethyleneglycol diacrylate^*^^ 4 
1 r 3-bis ( 3-inethacryloxypropyl ) -1 ^ 1 , 3 , 3- 

tetramethylsiloxane ^*^^ 5 

Note: (*)1.... The coinpoiind of the formula 

(VI), available xinder the 
trademark of AM546, from AKZO 
RESIN CO. 

( * ) 2 . . , . Available under the trademark of 
TSL9706, from Toshiba Silicone 
K.K. 

(2) Fomiation of image^eceiving resinous layer 

The resultant coating liquid was heated at a temperature of SO'^C and coated on a surface of a substrate 
sheet consisting of a pigment-coated paper sheet made by O Jl PAPER CO. and having a thickness of 1 50 ^m, 
by using a coating bar, to form an image-receiving resinous layer having a dry solid weight of 10 g/rrfi. 

The coating liquid layer on the substrate sheet was exposed to an electron beam irradiat'on at an absorbed 
dose of 4 Mrad, to provide a cured resinous layer, whereby an image-receiving sheet with a cured image-receiv- 
ing resinous layer was obtained. 

The test results are shown in Table 1. 

Example 2 

The same procedures as in Example 1 were carried ut. except that the coating liquid for the image-receiv- 
ing resinous layer was prepared in the following composition. 
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20 



25 



Component Part by weiahn 

Rosin residue-containing acrylate resin(A) 85 
Phenoxyethyl acrylate 10 
Bisphenol A tetraethyleneglycol diacrylate^*^ 4 
1 , 3-bis ( 3-methacryloxypropyl ) -1 , 1 , 3 , 3- 

tetramethylsiloxane (TSL9706) 5 

Note: (*)3. - • , The compoTind or tne rcr::iuJ.H ,,v; r 

available under the tradeiuarx of 
3S75C, rroiz Araiiawa Kagaicz H-F.. 

Tne rasiits stb snown in Tszie 'i . 
Comparative Example 1 

Tne same procedures as in Example 1 were carried out, except that the coating liquid for the image-receiv- 
ing resinous layer had the following composition 

Composition Part by weight 

Rosin residue-containing acrylate resin (A) 86 
Phenoxyethyl acrylate 10 

(*)4 

Bisphenol F tetraethyleneglycol diacrylate 4 
1, 3-bis(3-methacryloxypropyl)l,l, J, 5- 

tetramethylsiloxane (TSL 9706) 5 

Note: (*)4.,.. A compound of the formula (VII): 

40 H 

CH2=CHCO-fOCH2CH2^ 0-<^^Q^ (^^^Q^^" ( CHzCHzOt^ C0CH=CH2 

H {VII ) 

wherein and ns are as defined above, available under the trademark of R71 2, from NIHON KAYAKU KOGYO 
K.K. 

The test results are shown in Table 1 
Comparative Example 2 

The same procedures as in Example 1 were carried out, except that the coating liquid for the image-receiv- 
ing r sinous sheet had the following composition. 

55 



30 



35 



45 



SO 
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Component: Part: bv weight: 

Rosin residue-cont:aining acrylate resin (A) 96 
Phenoxyethyl acrylate 10 
Bisphenol A epoxydiacrylate^**^ 4 
1,3 -bis { 3-met:hacryloxypropyl ) -1 , 1 , 3 , 3 - 

tet:rainet:hylsiloxane (TSL 9706) 5 



avaiiabie under the trademsric of BISCOAT 540. from OSAKA YUKIKAGAKU K.K. 
The test resuits are shown in Table 1 . 

Comparative Example 3 

The same procedures as in Example 1 were earned out, except that the coating liquid for the image-receiv- 
ing resinous layer had the following composition. 

Component: Part: bv weight: 

Rg-si n r fts iriiigH^jc^nf .ft i n \ ng acxyla-te- xesln(A> &6 
Phenoxyet:hyl acrylate 10 



Partially acrylate-modif led bisphenol A- 



epoxymonoa cry late 
1 , 3-bis ( 3-methacryioxypropyl ) -1 , 1 , 3 , 3- 

tetramethylsiloxane (TSL 9706) 5 



CH. 



Note: (*)6..-. A coinpo\ind of the formula (IX): 
.=CHC00CH2CH-CH2-O-(^"o^ C— O-CH2-CH-CH2 ( IX) 



OH 



available under the trademark of EBECRYL3605, from U.S. B. CO. 
The test results are shown in Table 1. 
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Comparative Example 4 

The same procedures as in Example 1 were carried out, except that the coating liquid for the image-receiv- 
ing resinous sheet had the following composition. 

5 

Component: Part bv weight 

Rosin residue-containing acrylate resin (A) 95 
10 Phenoxyethyl acrylate 5 

1 , 3 -bis ( 3-raerhacryioxypropyl ) -1 , 1 , 3 , 3- 5 

tstramethylsilcxane (TSL 9706} 

15 

The resultant coaung liciilc sxr.ibtisc a ver.' hi^r viscosity, and thus couid be cnff^n on the substrstE sheet. 



Table 1 

20 



j \v Item 




1 
! 


Printed imace 








Immediately after 


After heat treatment 






printing 










Color 


Hue 


Color 


Hue 


Examples ^ 




density 




density 








(darkness ) 




(dar3cness ) 




Example 


1 


1.60 


Black 


1,60 


Black 


2 


1.58 


Black 


1.58 


Black 


CcBBparative- 


1 




Black 


i-sa 


, licit. hIarV 


Example 


2 


1.46 


Black 


1.47 


Not black 


3 


1.53 


Black 


1.52 


Not black 




4 


Impossible to coat 


due to high viscosity 
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Claims 

45 1- A thenma! transfer image-receiving sheet comprising: 
a substrate sheet and 

an image-receiving resinous layer fonmed on at least one surface of the substrate sheet and conrv 
prising, as a principal component a resinous material cured by an actinic ray irradiation, 

said cured resinous material consisting of an actinic ray Irradiation curing product of a precursor resi- 
st? nous composition comprising; 

(A) a first component consisting of at least one member selected from unsaturated acrylic and methac- 
rylic est r compounds having at least one radial selected from a rosin residue disproportionation-nrKxiH 
fied rosin residues and hydrogenated rosin residues; and 

(B) a second component consisting of at least on member selected from unsaturated acrylic and 
55 methacrylic ester compounds having a bisphenol A residue, at least one ethylene glycol residue and 

at least two tenminal radicals selected from acrylic and methacrylic ester residues, and oth r than thos 
of the first component (A). 
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The image-receiving sheet as claimed in claim 1, wherein the unsaturated acrylic and methacrylic conv 
pounds of the first component (A) are selected from reaction products of: 

(a) an ingredient consisting of at least one reaction product of at least one member selected from acryiic 
acid and methacrylic acid with at least one member selected from rosin glycidylesters, dispropor- 
tionation-modified rosin glycidylesters and hydrogenated rosin giycidylesters, with 

(b) an ingredient consisting of at least one diisocyanate compound, 
and 

(c) an ingredient consisting of at least one member selected from: 

(i) reaction products of at least one member selected from acryiic and methacrylic acids with at least 
one diepoxide compound, and 

(ii) acryiic and methacrylic ester compounds having at least one hydrnxyi radical. 

The imageHBceiving sheet as aaimed in claim 2, wherein the ingredient (a) consists cf at ieast one ccnv 
pound of the formula Q): 



^2 

I 

Ri - CGOCH2CHCK2OCOC = CH2 (I) 

i 

OH 

wherein Ri represents a member selected from the group consisting of disproportionation-reacted rosin 
residues and hydrogenated rosin residues, and R2 represents a member selected from the group consisting 
of a hydrogen atom and a methyl radical. 

The image-receiving sheet as daimed in claim 2, wherein the ingredient (b) consists of at least one member 
selected from the consisting of diphenylmethane diisocyanate, isophorone diisocyanate, hexamethylene 
diisocyanate, phenylene diisocyanate, and tolylene diisocyanate. 

The image-receiving sheet as daimed in daim 2, wherein the ingredient (c) consists of at least one member 
selected from the compounds of the formula (II): 



R3 OH OH R, 

II II 

CH2 = CCOOCH2CHCH2 " D - CH2CHCH2OCOC = CH2 (II) 

wherein R3 represents a member selected from the group consisting of a hydrogen atom and a methyl 
radial, and 0 represents a divalent group selected finom those of the fomiulae: 
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- 0 - (CHjCHOtsi- 



CH, 



- OCD y—^ coo - , 

\. ^ /• 

- OCO - (CHzTS— coo - 
and 

• I ' 

- 0 - CHj - C - CH2 - 0 - 

wherein represents an integer of 1 to 4 and represents an integerof 2to 14. and 2-hydroxyethyl acry- 
late, 2-hydroxyethyl methacrylate, 2-hydroxypropyl acrylate, 2-hydroxypropyl methacryiate, and the com- 

I- 

CH2 = CHCOO - CHjCHO - (OCCHzCHjCHjCHzCHzOta — ' H (III) 
and 

R5 R5 

I I 
CHj = CHCOOCH2CHOCO - Rs - COOCH2CHOH (IV) 



in which formulae R4 and R5 respectively and independently from each other, represent a member selected 
fimm the group consisting of a hydrogen atom and a methyl radical, n' represents zero or an integer of 1 
to 5, and Re represents a divalent group selected from those of the formulae: 
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10 



20 



R 



- CH2CH2 and - CH = CH 



in wnicr: fomuiae: R represents a member seiec^sc fror: t^iS grsup consisnnc cf a hycrc-ger: a^arr snc a 
methyl radical. 

f5 6. Tne imsgs-receivinc sneei as a aaimec in c:airr. , wherein. the unsaturstec acr/iic and methacryiic ccm- 
pcumis cf trie seccr.c ccrr.wC-ent (5) are seiectec frcr: these of ttie fomrwiae and Tvl": 




CH2=CHCOfOCH3CH. )^ O-^ O / ^ ( O /" O- ( CHjCHjO fe- C0CH=CH2 

(V) 



25 and 



CH2=CHCOOCH2CH2 - O \0 /— ^ \^ / ^ " ^^i^^^OCOCH^CHj 

CH3 

(VI) 

35 wherein and n^ respectively and independently from each other, represent an integer of 1 to 3 and the 

sum of rr* and n^ is 4, 

7. The image-receiving sheet as a claimed in claim 1, wherein the first component (A) is present in a weight 
ratio of 60:40 to 94:6 to the component (B). 

40 

8. The image-receiving sheet as daimed in calim 1 , wherein said precursor resinous composition further conv 
prises, in addition to the first and second components (A) and (B), a third component (C) consisting of at 
least one member selected from unsaturated acrylic and methacrylic ester compounds having a single ter- 
minal radical selected from acrylic and methacrylic ester residues, and other than the unsatureated acrylic 

45 and methacrytate compounds of the components (A) and (B). 

9. The tmage-receivtng sheet as claimed in calim 8, wherein said unsaturated acrylic and methacrylic conv 
pounds of the third component (C) are selected from isopropyl acrylate and methacrylate, isobutyl acrylate 
and methacrylate, tert-butyl acrylate adn methacrylate, cyclohexyl acrylate and methacrylate, p-hyd- 

50 roxyethyl acrylate and methacrylate, methoxybutyl acrylate and methacrylate. polyethylene glycol acrylate 

and methacrylate, p-hydroxypropyl acrylate and methacrylate. 2-cyanoethyI acrylate and methacrylate. 
benzoyloxyethyt acrylate and methacrylate, benzyl acrylate and methacrylate, phenoxyethyl acrylate and 
methacrylate, 2-hydroxy-3-phenoxypropyl acrylate and methacrylate, tetrahydrofurfryl acrylate and 
methacrylate, isobomyl acrylate and methacrytate, and discyclopentenyloxyethyl acrylate and methacry- 

55 late. 

10. The imageHiecehfing sheet as claimed in claim 8, wherein the first component (A) is present in a weight 
ratio of 60:40 to 94:6 to the sum of the components (B) and (C). 
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11, The image-receiving sheet as claimed in caiim 1 , wherein the precursor resinous composition further con- 
tains at least one silicone compound curable by the actinic ray irradiation. 

12, The image-receiving sheet as claimed in calim 12, wherein the silicone compound has at least one divalent 
siloxane group of the forumula: 



CH3 

! 

-Si- 

I 

CH3 



located in a backbone chain thereof and at least one terminal group selected from acryloyi, metnscryloyi. 
vinyl and mercapto radiais. 

13. Tne image-rBCsrviriC snee: as ciabned in caiim 11. wnerein tre siiicone ccmccu-nc is seiecrec: *rorr. t.S- 
bis(3-methacryioxy-propyi)-1 ,1 .3,S-teiramethyl disiicxane. a, e>-bis(mer3ap tci-iiettry! ) p c: y d st.'rr'! s:l oxan e . 
a,e>-bts(vinyi ipoiydimemyisiicxane, 1 ,3-Dis(mercap:ometnyi)-'; .1 .3.3'-siramernyi-GisnGxar.s anc a, q>- 
bis(3-mercaptoprcpyi) poi yd imethyisiioxa ne. 

14. The irnage-receiving sheet as daimed in calim 1 1 , wherein the silicone compound is present in an amount 
of 2 to 20% based on the total weight of the precursory resinous composition. 
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